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(54) Abstract Trtle 

Amplifier with means for eliminating crossover distortion and integrator therefor 

(57) An audio amplifier has two transistors TR1 and TR2 in series between positive and negative supply rails 
A current compensation circuit 10 is connected between the positive supply rail and the emitter of transistor " 
TR2, and is arranged to supply current to the emitter of transistor T2. The current compensation circuit 10 
includes an amplifier 12 which is arranged to sense the voltage drop across a first emitter resistor RE1 and 
control a current generator 14 in dependence upon the measured voltage drop, which is proportional to the 
curren flowing through transistor TR1. Thus, in use, the current compensation circuit 10 acts to increase the 
current m TR2 by the same proportion as in TR1, in order that TR2 does not become reverse biased. Therefore 
the output resistance continues to approximate to RE1 in parallel with RE2, even when the current into the ' 
load RL is greater than the quiescent current. In this way, the effects of crossover distortion which are 
prevalent in Class B amplifiers are greatly reduced. 
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^•^^•^-P-abipoUrtr^o, 
E^h satd transistor mavcompr , £afieIdrffect transistor 
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Preferably, said high-input-impedance device comprises a field effect 
transistor. 

An electronic integrator as above may further comprise a current* 
mirror connected to said current source. 

Preferably, said current mirror comprises a second bipolar transistor 
having its collector-emitter path in series with that of said first bipolar 
transistor and a third bipolar transistor having its collector-emitter path in 
series with said current source and its base connected to the base of said 
second bipolar transistor, the collector-emitter paths of said second and third 
bipolar transistors being connected to a supply rail of higher potential than 
that supplying said high-input-impedance device. 

An electronic integrator as above may further comprise a fourth 
bipolar transistor having its collector-emitter path connected between the 
base of the second bipolar transistor and said current source and a fifth 
bipolar transistor having its collector-emitter path connected in series with 
that of said third bipolar transistor and said current source. 

An amplifier as above preferably incorporates an electronic integrator 
as above. 

For a better understanding of the invention, and to show how 
embodiments of the same may be carried into effect, reference will now be 
made, by way of example, to the accompanying diagrammatic drawings, in 
which: 
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explanation of the circuit of Figure 3. In Figure 4, the output transistors 
TRl,la and TR2,2a are current compensated for both positive and negative 
load currents. 

Figure 5 is a typical graph of currents in the transistors versus that in 
the load, where the ratio RE3/RE1 = 2. As can be observed, 
complementary feedback pair transistors TRl,la and TR2,2a are always 
forward biased. For clarity, the currents in transistors TR2,2a and TR4,4a 
are shown as negative. It may be noted that the output current into the 
load is shared almost equally between the primary output transistors TRl,la 
and TR2,2a and the current compensation transistors TR3,3a and TR4,4a. 

The relationship between the ratios RE3/RE1 and Rf/Rs can be 
altered slightly, and the circuit will still continue to operate correctly. 
However, a better balance between the currents in TR1 and TR3 and the 
currents in TR2 and TR4 can be obtained. 

A circuit as shown in Figure 4 has been found to work extremely 
well as an audio amplifier, giving very high performance with imperceptible 
distortion. However, although the circuit topology was originally developed 
for audio applications, it could be used in many other kinds of amplifiers, 
and could also be embodied with other electronic devices such as thermionic 
valves. Alternative embodiments of the invention may be advantageously 
applied to integrated circuit amplifiers. 

Thus, the embodiments of Figures 2, 3 and 4 may keep the primary 
output transistors from becoming reverse biased by compensating the 
emitters with current when typically the load would be driving one of the 
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An enhancement to the circuit of Figure 6 is shown in Figure 7. 
Here the MOSFET TR6a has been rearranged and a current mirror 
TR6b,TR6c,Rl,R2 added such that the gate of TR6a can be driven from an 
auxiliary supply line 24 with a higher potential than that of the standard 
supply line 23 which supplies the drain. This means that the saturation 
voltage of the MOSFET TR6a is reduced, which improves efficiency, 
particularly in high current applications. The current mirror also has gain 
(set by the ratio of R1/R2 ), which means that the current through TR6 can 
be reduced in proportion to the current source 20, which is chosen to be 
fairly high to achieve a fast slew rate, otherwise limited by the relatively 
large gate-source capacitance of the MOSFET TR6a. 

Figure 8 shows a further enhancement which provides a major 
advantage. If TR6 becomes reverse biased, the output device is prevented 
from switching off by TR6d. As the potential across Dl & R4 decreases 
below the potential developed across R3 by the current source 20, TR6d 
starts to conduct and together with TR6e and TR6c forms a long-tailed pair 
which controls the gate of the MOSFET TR6a, causing a minimum current 
to flow to the output terminal 22. For example, with R6 = 18R, R4=68R 
and the current source 20 set to 20mA, the current in R4, and therefore in 
the MOSFET TR6a, is maintained at approximately 6 milliamps. 

As the MOSFET TR6a is automatically biased at the knee of its 
operating curve and the integrator is prevented from saturating, optimum 
switch-on speed is maintained, and crossover energy spikes are reduced to 
a minimum in amplifier applications, including use as current compensation 
output transistors of the amplifier principle described above. L1,R6 and 
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All of the features disclosed in this specification (including any 
accompanying claims, abstract and drawings), and/ or all of the steps of any 
method or process so disclosed, may be combined in any combination, 
except combinations where at least some of such features and/ or steps are . 
mutually exclusive. 

Each feature disclosed in this specification (including any 
accompanying claims, abstract and drawings), may be replaced by alternative 
features serving the same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated otheiwise, each feature 
disclosed is one example only of a generic series of equivalent or similar 
features. 

The invention is not restricted to the details of the foregoing 
embodiments). The invention extends to any novel one, or any novel 
combination, of the features disclosed in this specification (including any 
accompanying claims, abstract and drawings), or to any novel one, or any 
novel combination, of the steps of any method or process so disclosed. 
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CLAIMS 



l - An electronic amplifier comprising: 
voltage supply rails; 



a. 



b - first and second electronic devices each h, • 

conduction path ^ g * rCSpeCtive 

electrodes of said fir« j . control 

—ged^lT £,eCtr0niC d ™« 

8 "° reCe,W "> «*« %nal ,„ be amplified; 

uevices, tor connection to a load tnLe, r j . 

A fim currem comp enS a tlon meam arram-ed ,„ , , 

2 - An electronic amplifier according to claim 1 f, u 

-nd current compensation means arran e 7 ' ^ 

conduction path of said first ,1 7 ^ CUn "« to sa * 

under conditions which would 
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otherwise cause current flow through said conduction path of said first 
electronic device to cease. 

3. An electronic amplifier according to claim 1 or 2, wherein the or each 
5 said current compensation means comprises a further electronic device 
arranged to sense the current flowing through said first or second electronic 
device and to supply current to said second or first electronic device in 
dependence upon the sensed current. 

V 

10 4. An electronic amplifier according to claim 1, 2 or 3, wherein each said 
electronic device comprises a transistor. 

5. An electronic amplifier according to claim 4, wherein each said 
electronic device comprises a complementary pair of transistors. 

15 

6. An electronic amplifier according to claim 4 or 5, wherein each said 
transistor comprises a bipolar transistor. 

7. An electronic amplifier according to claim 4 or 5, wherein each said 
20 transistor comprises a field effect transistor. 

8. An electronic amplifier according to claim 1, 2 or 3, wherein each said 
electronic device comprises a thermionic valve. 

25 9. An electronic amplifier according to any of the preceding claims, 
being an audio amplifier. 
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J °- An electronic amplifier according to m , , . 

operational amplifier. Y ' c)ams 1 to «. °<=ing an 

»• An electronic amplifier according to anv of th 
5 COnSt ™ ttd - - integrated circnit. PrKedinS 

An electronic amplifier substantial „ t, 
Terence to F igure 2, 3 or 4 of the ^ dKCribed <*«> 

°1 the accompanying drawings. 

15 ' An eIeCtr0niC -te grator accordi . 
„ -orconnecredtoLLt::^ 14 '^ 

* An electronic integrator according , ocla : m „ , 
nurrorcomprisesasecondbipolartran,- u Said cu ™» 

- - - .^t of xr P rt^ si,sco,, ~-^ 

««— » having its collector-emitter ^ 3 bi P°'" 

^ i« base connected to the baseT 7 "* C ™» «~ 

Emitter paths of said seco, Z ^ T " *« 

~d to a -Pply rail of higher potenlt ^ '^'^ 
"■Pnt-mpedance device. that "W^ng said high- 



, V Orator according to claim 16, further comprising a 

Wantially as hereinbefore described with 
18 An electronic integrator substantially as 

V re 6 7 or 8 of the accompanying dr^ngs. 
reference to Figure 6, / or o 

,W to any of claims 1 to 12, incorporating an 
19 . An amplifier according to any 

tr, anv of clauns 13 to is. 
electronic integrator according to any 
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Amendments to the claims have been fded as follow 

1. An electronic amplifier comprising: 
a - voltage supply rails; 

k- A- and second electronic device* each having a respecnve 
conduct™ pad, and . respmjve ^ 

' 17 8 C ; ndUC,i ° n " P3th ' P-» of 

«d fin. and second electronk ^ ^ 

™° ^ ^ TOl ^ supply rails and the control 
of said fir* aad second efec[ronic ^ 

arranged ,o receive an input signal to be amplified; 

c an output node disposed between said conduction paths of said 
electron, devtces, foe connection to a load to be supplied with 
output current through said electronic devices; and 

4 COmPenSati ° n ™™ » «** current 

- satd conducnon path of said second elearon.c device when 

currents -ng through said first electronic devtce uld 

-d conduction path of satd second electronic device tocea! 

25 2- An electronic amplifier accordi , 

second current compensation n, comprising 
conduction path of Z f 7 ^ * » 

-rough sail jl^*^ T ^ — * 

ectromc dev Ice under conditions which would 
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otherwise cause current flow through said conduction path of said first 
electronic device to cease. 

3. An electronic amplifier according to claim 1 or 2, wherein the or each 
5 said current compensation means comprises a further electronic device 
arranged to-sense the current flowing through said first or second electronic 
device and to supply current to said second or first electronic device in 
dependence upon the sensed current, 

V 

J 

10 4. An electronic amplifier according to claim 1, 2 or 3, wherein each said 
electronic device comprises a transistor. 

5. An electronic amplifier according to claim 4, wherein each said 
electronic device comprises a complementary pair of transistors. 

15 

6. An electronic amplifier according to claim 4 or 5, wherein each said 
transistor comprises a bipolar transistor. 

7. An electronic amplifier according to claim 4 or 5, wherein each said 
20 transistor comprises a field effect transistor. 

8. An electronic amplifier according to claim 1, 2 or 3, wherein each said 
electronic device comprises a thermionic valve. 

25 9. An electronic amplifier according to any of the preceding claims, 
being an audio amplifier. 
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I0 - An electronic amplifier acmrW 

"Phonal amplifier. » -X of dauna , t0 8 , ^ ^ 

An electronic amplifier ace™)- 
5 ~ed . an in,^ 5 * "* " ** 

12 - An electronic amplifier a ~ j- 

*• or each L^Z^ " " * claims, 
— nic in^ror hav lng a first — - 

10 C ° M ^ fa --.-dahi gh .i„ put J D ' T° r Md 3 «™« source 

^i-ran^ranocurrel^r" reCOnnKKdt °^ f - 

'° form «W integrator. 

A " deCU0 " k ^PUfier according t0 d • , 
s ~P«W deWce comprise, a J^^* - 

'~ having itscolw f" -d a third bipolar 

«« « b«e connected t0 the baje " — ^ •* current source 
collector-emitter pa ths of sa , d ^ ' ~»nd ^Polar tr an sistor , the 

■nput-unpedance device. ^ Am that s "PP'ying said high. 



16. An electronic amplifier according to claim 15, further comprising a 
fourth bipolar transistor having its collector-emitter path connected between 
the base of said second bipolar transistor and said current source and a fifth 
bipolar transistor having its collector-emitter path connected in series with 
that of said third bipolar transistor and said current source. 

17. An electronic amplifier substantially as hereinbefore described with 
reference to Figure 2, 3 or 4 of the accompanying drawings. 

18. ' An electronic amplifier substantially as hereinbefore described with 
reference to Figure 2, 3 or 4 of the accompanying drawings, as modified by 
Figure 6, 7 or 8 of the accompanying drawings. 
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